These scans were then digitally combined in order to reconstruct and trace the concentric layers of the rolled scroll (see fig. 1 ).
Figure 1. Digital scan of the concentric layers of the rolled scroll
Once the physical contours of these layers were determined, they segmented the scroll into smaller sections, generally between the turns in the scroll, in order to reconstruct the text found in each of those segmented sections. Using this process, Seales and his research team were able to virtually "unwrap" the scroll and generate a readable text, even though the physical object itself remains in its blackened, burned state. 3 We now have high resolution, computer-generated images of two columns of the scroll, containing text from the first two chapters of Leviticus that are as readable as undamaged scrolls.
The present paper describes the technical aspects of the scroll, presents a preliminary transcription, and discusses the significance of this scroll in the textual history of Leviticus in particular, and the Masoretic text of the Bible (or at least the Pentateuch) in general. According to Carbon 14 dating, the scroll was copied between the 3rd and 4th century CE (firm assessment), or 3 For an extensive description of the technological aspects of this virtual unwrapping, see W. Brent Seales, C. Seth Parker, Michael Segal, Emanuel Tov, Pnina Shor, Yosef Porath, "From Damage to Discovery via Virtual Unwrapping: Reading the Scroll from En-Gedi," Science Advances 2, e1601247 (2016) .
in the 2nd century CE (less likely), 4 not long after the biblical Dead Sea Scrolls.
On the other hand, paleographical analysis of the scroll by Dr. Ada Yardeni (see the appendix) suggests an earlier date, in the second half of the 1st century CE or, at the latest, the beginning of the 2nd century CE, contemporaneous with the latest of the Qumran scrolls and several of the scrolls found in other sites in the Judean Desert. We take note of the discrepancies between these two examinations which should lead to caution in any conclusion, but such discrepancies are not unparalleled. In any event, the scroll provides important evidence for the state of the biblical text, either at the end of the period covered by the manuscript finds in the Judean Desert, or in the next centuries for which we have no evidence of the text of the Bible.
The C-14 and paleographical dates of the scroll as quoted above fall within the archeological evidence concerning the settlement of En-Gedi. 5 The EnGedi synagogue is generally dated from the late 3rd/early 4th centuries to ca. 600 CE. 6 This indicates that the Leviticus scroll could have been in use for a very long period which would not be unusual in a synagogue environment.
We do not have firm evidence from Qumran for parallel situations, but some scrolls found there would likewise have been in use for two or three centuries or even more. 7 By the same token, elsewhere in the Greco-Roman world 4 The En-Gedi scroll was radiocarbon dated using the Accelerator Mass Spectrometry technique by Dr. Elisabetta Boaretto at the Weizmann Institute D-REAMS Radiocarbon Laboratory. The test results indicate a probability of 68.2% that the scroll dates between 235-340 CE, and a probability of 88.9% that it dates between 210-390 CE. They allow for a 6.5% probability that the scroll dates to the 2nd century CE. 5 Y. Hirschfeld, En-Gedi Excavations II: A Final Report (1996 -2002 The earliest biblical scrolls found in the caves, dating to 250 and 225 BCE, would therefore have been in use at least 150 years, but they could also have been used as long as 300 years. On the other hand, some scrolls could have been discarded after between the 2nd century BCE and the 3rd century CE, books were in use anywhere between 150 and 500 years, with an average of 200 to 300 years. 8 These parallels provide welcome support for the early dating of the Leviticus scroll.
Returning to the image of the layers of the rolled scroll, the Kentucky team chose to first develop the images of the layers marked in the image above, which consist of three segments (figure 1). Since the contents of these three segments are now readable, containing the first two chapters of Leviticus, we can determine the direction in which the scroll was rolled. As we will see, the two outer segments contain the text of Lev 1-2, with Lev 1 wrapped inside Lev 2, while the innermost segment that has been analyzed is a large blank area. We can therefore conclude that the scroll was rolled from its beginning, and the outer layers contained subsequent passages.
Furthermore, figure 1 shows that there are not many additional layers rolled inside the scroll. This implies that the exposed sections are close to the beginning of the scroll (since the scroll was rolled from its beginning). On the other hand, the few wraps that remain beyond these segments do not inform us of the original length of the scroll; because the scroll was burned, it is not clear how many of the original outer layers were destroyed. We therefore cannot determine the original length of the scroll (using the term "length" here relatively, since the process of burning changed the dimensions of the scroll).
Turning now to the developed images of the scroll, the flattened image that the Kentucky team generated consists of a large initial margin and two columns.
some time (placed in a genizah of some sort at Qumran) in which case they would have been used more than 150, but less than 300 years. the data generated in the scans of these innermost segments reveals no written characters on the surface area. Therefore, the uninscribed area prior to the text in column I is slightly larger than the current image suggests.
A few comments about this large empty area of the parchment follow:
(1) In light of the conclusion above regarding the direction in which the scroll was rolled, and the proximity of col. I to the beginning of the scroll, there is no doubt that this column represents the beginning of the scroll. When we were first invited to work on the scroll, it was suggested that this was a Torah scroll, which contained all the books of the Pentateuch. However, the evidence we now have indicates that this is a scroll of Leviticus, or at least a scroll that began with Leviticus and contained two or three Pentateuchal books. 9 Thus, like the Judean Desert scrolls mentioned in n. 9, the En-Gedi scroll was not a complete Torah scroll, but rather contained one, two, or three books.
(2) The presence of a large blank area at the beginning of a parchment scroll is a scribal practice found in a number of scrolls in the Judean Desert. Its preservation can be attributed to the scroll having been rolled with the end on the outside. As Tov has posited, scrolls rolled on the outside suggest that they were in use, in which a reader passed the halfway mark, and therefore it was most efficient to roll it to the end. 10 The beginnings of fifty-one scrolls from the Qumran caves and two from other Judean Desert sites have been preserved, and allow for fruitful comparison. 11 The area left before the text was always larger than the width of an intercolumnar margin, and was sometimes as wide as an entire column. This scribal practice is found earlier in Egyptian papyrus scrolls in which the blank area at the beginning of the 13 Tov, Scribal Practices, plate 18. 14 Tov, ibid., 114 (Table 24) .
to the images of the inner layers prior to the current image, we do not yet know if there is evidence for a separate, stitched handle sheet.
The image of the scroll shows traces of horizontal lining from ruling in 7-8 lines, as well as vertical ruling of the left margin (in the image itself the line is in fact not vertical, but the irregularity is due to the photographic "flattening" of the rolled scroll; in its original form the lines would have been truly vertical or horizontal). Some of these lines now appear as cracks in the image, but we suggest that these were originally ruling lines that developed into cracks, perhaps as the result of the burning process. The heat from the fire caused these fissures, which opened up along the lines originally incised in the parchment with a sharp instrument.
The concentration of material in the center of the scroll, as can be seen in Spaces between the words were indicated, but are sometimes minimal, e.g. I, 
Notes on Readings
While the letters are very readable, the software applied to the tomography created some additional shapes (even "ghost letters"), 18 a distortion in proportions, a stretching of some areas, and a slight wave effect of the written lines. The same wave effect created the impression that some letters appear as positioned under the line, while in reality they were positioned at the same height as the other letters. In addition, the internal proportions of the letters are often not natural because of this process. Similarly, 4QLev b preserves a vacat before 2:4.
The En-Gedi Scroll in Its Chronological and Textual Context
We now turn to an assessment of this scroll within its chronological and textual context. The following As mentioned above, the scroll has been dated paleographically to the second half of the 1st century CE and with C-14 dating to the 3rd-4th century CE. 21 The latter dating falls in between the textual evidence from the Judean Desert (1) The Ashkar-London scroll, dated to the 7th-8th century, and covering Exod 9:18-13:2; 13:19-16:1. 23 (2) Two Geniza fragments, T-S NS 3.21 (a large fragment) and T-S NS 4.3 (a small fragment), together preserve sections of Genesis (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) 13:10; (14) (15) (16) (17) (18) (19) (20) (21) (22) (15) (16) (17) (18) (19) (20) (21) (16) (17) (17) (18) (19) (20) . This manuscript is characterized by a slightly unusual script and minor deviations from MT (one consonantal difference and differences in division of parshiyyot).
Based upon this, Colette Sirat dated the fragments to the 5th-6th century.
However, Ada Yardeni has suggested more conservatively that the fragments can be dated paleographically to the 8th-9th century. 24 of lamed usually reaches the bottom of the letters above it. It seems that the letters were written with a reed-pen, the nib of which was cut almost straight and in certain letters (mainly bet, dalet, he, ḥet, kaph, mem, sameḥ, qoph, resh and taw, all of which have horizontal "roofs" and some have horizontal basestrokes) the horizontal strokes seem to be thicker than the vertical strokes. In that our scroll differs from the other fragments to which it has been compared.
Because of their tiny size, the letters do not allow a sound examination of their forms, and the enlarged photo of the text that has been provided to me blurred the contours of the letters. However, the enlarged image enabled the tracing of the structure of each letter (see figures 3-5) and its comparison to other manuscripts written in "Jewish" book-hand. Since the manuscript is not dated and was discovered in a context of a synagogue of the 6th century CE, this is the latest reasonable date conjectured for its production. However, a comparison with certain earlier manuscripts from the Judean Desert shows many affinities in the structure of the letters and indicates a date in about the second half of the 1st century CE for our manuscript. This date should be compared with the Carbon 14 dating quoted above.
The following manuscripts have been compared to the Leviticus scroll:
(1) A fragment of a Psalms scroll (5/6ḤevPsalms = 5/6Ḥev 1b, col. VII) found in a cave in Nahal Hever, possibly dating to the second half of the 1st century or the early 2nd century CE (see figures 6-7). 25 (2) Three different fragments of 11QT a , seemingly by the scribe Yadin called "scribe B" (vol. 1, p. [16] ), tentatively dated to the 1st century CE (see figures 8-13). 26 Following is a summary of the relation between the letters of EG and the above mentioned fragments:
Aleph-There is a general resemblance between all fragments in the structure of aleph, except that in EG and in 5/6Ḥev 1b the left stroke of the letter extends to the left and does not reach the imaginary common base line, whereas in 11QT a the left stroke of aleph mostly descends more vertically.
Bet-There is a general resemblance between all fragments in the structure of bet, which differs from medial kaph in that it is shorter and broader. Both both, the down-stroke bends at about its center to the right whereas the left stroke extends leftwards and curves down, creating a very large opening between the legs. A highly similar large opening between the legs of gimel appears in 5/6Ḥev 1b, but the top of its down-stroke curves backwards and the left stroke starts lower at the down-stroke and extends in a slight slant to the left.
Dalet-There is a resemblance between all the fragments in the structure of dalet which differs from resh in its shoulder, the top of its down-stroke somewhat curving backwards. Both dalet and resh are relatively short and both have a serif at the left end of their "roof."
He-In the fragments of 11QT a , the "roof" of he is mostly fat (seemingly made with two strokes), a feature typical of the Herodian period. In these fragments, as well as in 5/6Ḥev 1b, the top of the right down-stroke of he (and also dalet and ḥet) curves backwards and the left down-stroke descends vertically from the "roof." In our scroll, it seems that the left down-stroke is drawn separately from the "roof." However, this is not entirely clear in the photo and it is possible that there is no gap between the "roof" and the left down-stroke. (The same also concerns the left down-stroke of final mem which looks as if it does not begin at the "roof"). If indeed this observation is correct, it might indicate a somewhat later phase of development than the other fragments.
Vav-There is a slight distinction between vav and yod in all the fragments concerning their size. However, they are all similar in their structure, made with a to-and-fro movement or as two separate strokes, in which case the original upper stroke became a short "hook" slanting down or extending horizontally to the left.
Zayin-A short, separate stroke drawn to the right from the top of zayin as well as from the top of nun marks an early phase of the development of the group of seven letters ‫גץ‬ ‫שעטנז‬ (gimel, zayin, ṭet, nun, 'ayin, ṣade, šin) , 27 Ḥet-In all fragments ḥet is relatively short and mostly differs from he in that its "roof" is made like a bar between the two down-strokes and, unlike he, it never continues to the left beyond its meeting point with the left downstroke. However, its right down-stroke curves backward at its top, a feature occasionally also appearing in he.
Ṭet-The form of ṭet in our scroll seems to be slightly more developed than that appearing in 11QT a in that its right stroke is curved rather than bent.
Yod-See vav.
Kaph-In all the fragments, medial kaph, unlike bet, is a narrow letter, made in one continuous movement from the upper serif to the left end of its basestroke. The final form of kaph is made like dalet with a long down-stroke.
Lamed-In all the fragments, lamed has a very short and small "body," made like an acute angle open to the left, and a long, vertical "mast" reaching in most cases to the bottom of the line above it. Its form is typical of the "Jewish" book-hand appearing in scrolls of the Judean Desert.
Mem-In all the fragments, the left diagonal stroke of medial mem slants down moderately to the left without reaching the imaginary base line, leaving a large gap between its end and the relatively short base-stroke. The final mem is long and narrow but in our scroll it seems to differ from the other fragments in that there seems to be a gap between the "roof" and the left down-stroke. If this is correct, it may indicate a later phase of development than the other fragments (see he above).
Nun-In all the fragments and in most occurrences of nun in our scroll, a separate short stroke appears at the top and to the right of the down-stroke of medial and final nun. Similar to zayin, this is an early phase of the development of the ornamental additions of the group of seven letters ‫שעטנז‬ ‫גץ‬ (see above, zayin and n. 27). In a few cases in our scroll, a more developed form seems to appear in which a short "roof" appears at the top of medial nun. However, the final form resembles the final nun in the other fragments except 11QT a , frag. 1 (see figure 8) , in which the final nun has an earlier form.
Sameḥ-The sameḥ in our scroll seems to differ from that in the other fragments mainly in that its left down-stroke seems to descend from the "roof" rather than from above the roof and ends below its meeting point with the short base-stroke.
`Ayin-In all the fragments, `ayin has a long diagonal, or almost horizontal base-stroke with a fat top that mostly bends up to the left. The left, short stroke descends almost vertically towards the center of the diagonal and at its top there appears a short stroke in various directions, which, as in zayin and nun, is in an early phase of development towards becoming the ornamental addition of the group of seven letters ‫גץ‬ ‫שעטנז‬ (see n. 27).
Pe-In all the fragments, medial pe is a narrow letter with no "roof" but a sharp top. Its left, short stroke mostly curves back at its bottom, creating its typical "nose."
Ṣade-Very typical to the "Jewish" book-hand of the Dead Sea Scrolls is the long medial ṣade with the short base-stroke appearing in our scroll and in 11QT a . The down-stroke in the final form of ṣade in our scroll seems to slant down to the right.
Qoph-In our scroll as well as in the other fragments, qoph is relatively short.
It is unclear if its left down-stroke touches its "roof" (see above, he and final mem).
Resh-See dalet.
Šin-A quite similar form of šin appears in all the fragments: its left downstroke is almost vertical; its right stroke resembles the diagonal of `ayin, but is shorter; and its middle stroke resembles the right stroke of aleph and of ṣade, slanting down moderately towards the middle of the left down-stroke. The short stroke at the top of its left stroke resembles that of the left stroke of ṣade; in both it is less emphasized than in zayin and nun (see above), but is fundamentally made in the same way.
Tav-In all the fragments, tav is relatively short. Whereas in the other fragments the left down-stroke always begins above the "roof," in our scroll it often begins at the "roof." Its right down-stroke is occasionally shorter than its left one (see also one of the tavs in 5/6Ḥev 1b in figure 6 ).
Summing up this comparative analysis, the script of the Leviticus scroll from
En-Gedi has many affinities with the above mentioned fragments. The few differences may perhaps indicate a somewhat later phase of development, but definitely belonging to the style of the "Jewish" book-hand attested in the scrolls of the Judean Desert. It seems therefore that we may safely date this scroll to about the second half of the 1st century and at latest, the beginning of the 2nd century CE. 
